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n vitro embryo production
ransmission electron microscopy
a  b  s  t  r  a  c  t
The  aim  of this  study  was  to describe  the  ultrastructure  of sheep  oocytes  during  24  h  of
in vitro  maturation  (IVM).  Ovaries  were  collected  from  a slaughterhouse  and  the  follicles
aspirated. The  selected  cumulus  oocyte  complexes  (COC’s)  were  divided  into  groups  and
transferred  to maturation  medium,  where  they  were  maintained  for  6, 12,  18  or  24 h. Control
immature oocytes  were  also  collected  (0  h).  After  different  maturation  intervals  the  struc-
tures  were  removed  and  processed  for transmission  electron  microscopy.  Immature  oocytes
(0  h) demonstrated  pleomorphic  mitochondria  and  presumptive  lipid  droplets  as  normally
expected,  and a  moderate  number  of vesicles  scattered  throughout  the  cytoplasm.  After  6 h
of  IVM,  there  was a migration  of  the  mitochondria  and  presumptive  lipid  droplets  to  the
cytoplasm  periphery  and  the  onset  of  cumulus  cell  expansion.  Between  12  and  18  h  of  IVM,
cytoplasmic  rearrangements  of  the  organelles  were  also  observed  e.g.  aligning  and  increas-
ing of  cortical  granules  under  the plasma  membrane.  Hooded  mitochondria  were  observed
during oocyte  maturation.  After  24  h  of  IVM,  the oocytes  showed  signs  of  degeneration,
which  can  be related  to cellular  aging  – because  of  the  excessive  time  in  the  maturation
medium,  after  acquisition  of developmental  competence.  This  work  described  the  ultra-
structural  aspects  of  sheep  oocytes  during  IVM  and  provided  insight  into  oocyte  maturation
in the  ovine  species.. Introduction
In  vitro embryo production (IVEP) allows the female
eproductive potential to be exploited, making it possible
o accelerate genetic gain, reducing the generation inter-
al and increasing the number of births from females of
igh genetic value (Lohuis, 1995), especially when young
onors are used (Baldassarre et al., 1996). Furthermore,
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IVEP provides an economical and abundant source of
matured oocytes, zygotes and embryos to be used for basic
research, both in the physiology of development and in
emerging biotechnologies, such as embryo sexing (O’Brien
et al., 2004), intracytoplasmic sperm injection (Wang et al.,
2002), nuclear transfer and transgenesis (Baldassarre et al.,
2002).
Although in vitro embryo production is documented in
ovines (Berlinguer et al., 2004), the results of IVEP are lim-
ited, and this technique is not routinely used in sheep. Thus,
Open access under the Elsevier OA license. research has been directed toward improving the different
techniques and steps involved in the in vitro production
of sheep embryos. However, the success of IVEP is closely
related to the in vitro maturation (IVM) success rate, which
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is then one of the limiting steps. So, for example, even after
careful selection of a homogeneous population of bovine
cumulus oocyte complexes (COC’s), only 35% will achieve
complete cytoplasmic maturation and produce viable blas-
tocysts to be transferred (Blondin and Sirard, 1995). Thus
inadequate cytoplasmic or nuclear maturation results in
low rates of fertilization and embryonic development.
Transmission electron microscopy (TEM) is a technique
which allows the indepth investigation of folliculogenesis
(Mondadori et al., 2007, 2010a)  and cytoplasmic matura-
tion in a variety of livestock species. This technique is also
used by various groups to elucidate the details of imma-
ture (Lopes et al., 2010) and mature (Hyttel et al., 1986a)
oocyte morphology, besides supporting the evaluation of
oocytes from superovulated females (Hyttel et al., 1986a)
and from dominant versus subordinate follicles in bovines
(Assey et al., 1994). There is also exists research describ-
ing the ultrastructure of immature oocytes in sheep (Cran
et al., 1980), as well as oocytes during IVM in pigs (Cran,
1985), equines (Alvarenga, 2006) and bubals (Mondadori
et al., 2010b).  For ovines however, there are no reports of
the ultrastructural changes in the oocyte during matura-
tion. Knowledge of the ultrastructural changes occurring
during IVM in the oocyte of different species could facil-
itate the understanding of oocyte biology and allow the
improvement of species-speciﬁc systems for IVEP. This
study therefore aimed to elucidate the ultrastructural
changes occurring during the in vitro maturation of sheep
oocytes.
2. Materials and methods
Sheep ovaries were collected at a local abattoir and transported
to  the laboratory in an antibiotic supplemented (200 IU/mL penicillin
and  200 g/mL streptomycin) saline solution (30–35 ◦C), within 1.5 h of
slaughter. At the laboratory, the ovaries were washed with a pre-heated
antibiotic supplemented saline solution and maintained in a water bath
(35 ◦C), during follicular aspiration.
COC’s were aspirated from antral follicles larger than 2 mm,  using a
21 gauge needle, attached to a vacuum pump (40 mmHg). The follicular
contents were collected into a sterile tube maintained in a water bath at
35 ◦C. The collected contents were then transferred to a heated Petri dish
to  allow the COC’s to be isolated and classiﬁed under a stereomicroscope.
Only structures classiﬁed as quality I (oocytes with more than three layers
of  cumulus cells and a homogeneous cytoplasm) and quality II (oocytes
with two or three layers of cumulus cells and a homogeneous cytoplasm)
were selected (Blondin and Sirard, 1995).
Groups of 4–6 COC’s were transferred to 150 L droplets of previously
stabilized maturation medium (TCM199 with Earle’s salts, supplemented
with 10% FCS, LH, FSH, l-glutamine, penicillin and streptomycin –
Nutricell®), covered with mineral oil and placed in an incubator, at 38.5 ◦C
and 5% CO2 in air with saturated humidity. Five structures were randomly
removed before the maturation period began (0 h – immature) and then
from the drops following 6, 12, 18 and 24 h of IVM, and then ﬁxed and
processed for TEM.
The structures were ﬁxed in a Karnovsky solution (2% glutaraldehyde,
2% paraformaldehyde, 3% sucrose, in 0.1 M sodium cacodylate buffer, pH
7.2) at 4 ◦C for 24 h. The material was then contrasted in a block with
uranyl acetate 3% and dehydrated with acetone. The dehydrated COC’s
were embedded in Spurr (Polysciences) and semi-thin sections (2 m),
cut. To allow for the allocation of the nucleus (equatorial region), the
serial sections were dyed with toluidine blue and observed under light
microscopy. Ultra thin sections (90 nm)  were made of the COC’s in the
equatorial region, and were contrasted with uranyl acetate and lead cit-
rate  – to be observed with the aid of the transmission electron microscopy
(Jeol 1011), operated at 80 kV.
The distribution of the oocyte cytoplasmic organelles (nucleus, mito-
chondria, presumptive lipid droplets, vesicles, and cortical granules) wasesearch 105 (2012) 210– 215 211
recorded, as well as the zona pellucida, perivitellin space, microvilli, and
appearance of the cumulus cells (CC’s).
3. Results
The organelle characteristics were similar between the
analyzed structures in each group i.e. the 14 COC’s stud-
ied by TEM: 0 h (n = 3), 6 h (n = 3), 12 h (n = 2), 18 h (n = 3)
and 24 h (n = 3). Immature oocytes (0 h) showed compact
CC’s (Fig. 1A), with loose nucleus chromatin, suggesting
a high activity in protein synthesis of these cells, which
supports oocyte maturation. The perivitelline space (PS)
was developed and the presence of a large number of bent
oocyte microvilli was also noted (Fig. 1B). Together with
the CC’s, the peripherically located oocyte nucleus exhib-
ited loose chromatin (Fig. 1C). It was also important to
observe the intimate relation between the CC’s and zona
pellucida (ZP). In the oocyte, pleomorphic mitochondria
were arranged in small groups throughout the cytoplasm,
generally on the periphery. A representative number of
presumptive lipid droplets, surrounded by endoplasmic
reticulum, were associated with the mitochondria (Fig. 1B).
Finally, it was also possible to note small and medium sized
vesicles homogeneously distributed throughout the cyto-
plasm.
After 6 h of IVM, there was an increase in the space
between the CC (insert) and an increase in the perivitelline
space, as well as in the number and size of microvilli
that project into the zona pellucida (Fig. 2A and B). The
hooded mitochondria were arranged in large groups at
the oocyte periphery, normally associated with presump-
tive lipid droplets, demonstrating high metabolic activity.
Vesicles maintained the same characteristics observed in
immature oocytes (Fig. 2A and B).
After 12 h of IVM, the mitochondria were arranged in
conglomerates, well distributed throughout the ooplasm,
resembling a spider-web (Fig. 3A). Presumptive lipid
droplets were concentrated at the periphery (Fig. 3A and
B), still surrounded by endoplasmic reticulum and in close
contact with the mitochondria. Cortical granules were
aligned at regular intervals under the oocyte plasma mem-
brane (Fig. 3B).
Fig. 4 demonstrates the expansion of the CC’s that
occurred after 18 h of IVM. In the oocyte, the number of
cortical granules in close contact with the cytoplasmic
membrane increased, compared to 12 h of IVM, as had the
total number of these structures on the ooplasm periphery.
Hooded mitochondria were arranged in small cytoplasm
regions, with low electron density. From 12 to 18 h of IVM,
there was  also a decrease in the number of vesicles scat-
tered throughout the cytoplasm, while the presumptive
lipid droplets returned to a more internal position (Fig. 4).
At the end of the IVM period (24 h), the CC’s were more
elongated and the space between them ﬁlled with secre-
tory material, suggestive of hyaluronic acid (Fig. 5). The
mitochondria did not have any distribution pattern like
that observed in the previous maturation periods, and the
presumptive lipid droplets appeared concentrated at the
periphery of the cytoplasm. Signs of oocyte degeneration,
such as retraction and rough granulation of the ooplasm,
were also observed (Fig. 5).
212 D.M. Máximo et al. / Small Ruminant Research 105 (2012) 210– 215
Fig. 1. Immature sheep oocytes (0 h treatment). (A) The oocyte cytoplasm and the compact arrangement of cumulus cells. (B) Detail of the oocyte cytoplasm.
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cote  the concentration of small groups of mitochondria in the cytoplasm
ocyte cytoplasm with a peripheral nucleus and vesicles of varying size
icrovilli. CC – cumulus cells; ZP – zona pellucida; PS – perivitelline spac
. Discussion
This is the ﬁrst study describing the ultrastructural
hanges undergone in sheep oocytes during IVM. Oocytes
btained from the antral follicles (0 h) showed charac-
eristics consistent with immature oocytes as described
or sheep (Cran et al., 1980) and other species, like cattle
Hyttel et al., 1986b); pigs (Cran, 1985); horses (Alvarenga,
006) and buffaloes (Mondadori et al., 2007). The arrange-
ent of organelles described as groups of mitochondria,
enerally associated with lipid droplets scattered by cyto-
lasm and cylindrical CC’s next to each other, is consistent
ith the immature oocyte which still needs to be activated.
bserving the structural aspects, such as ooplasm and CC
uclei, it is possible to infer that this structure is function-
lly viable.
After 6 h of IVM certain typical cytoplasmic changes
ere observed, such as the migration of the mito-
hondrial groups and presumptive lipid droplets to theery (arrows) and their association with presumptive lipid droplets. (C)
red by the cytoplasm. Observe the small perivitelline space with small
presumptive lipid droplet; V – vesicle; N – nucleus.
cytoplasmic periphery. This redistribution of organelles is
related to the beginning of cytoplasmic maturation, neces-
sary to allow the oocyte to reach the metaphase II stage.
According to Mondadori et al. (2010b), the preparation for
the resumption of oocyte meiosis occurs with this increase
in metabolic activity, evidenced by the peripheral location
of the organelles. This migration of cytoplasmic organelles
to the periphery can also be related to signal the exchange
between the oocyte and CC, which can occur by gap junc-
tions and paracrine factors (Lucidi et al., 2003).
As observed in bovine oocytes, after 6 h of in vitro
maturation, the cytoplasmic organelles, mitochondria and
presumptive lipid droplets migrate from the periphery to
a more internal cytoplasmic position (Hyttel et al., 1986b).
This event has also been described during in vivo bovine
oocyte maturation. The mitochondria present a peripheral
distribution before the LH onset, formed groups in the cor-
tex at the ﬁnal stages of nuclear maturation and assumed a
dispersed distribution after the extrusion of the polar body,
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Fig. 2. Sheep oocytes after 6 h of IVM. (A) Oocyte cytoplasm with peripheral groups of mitochondria usually associated with presumptive lipid droplets
en them
pace an
 – vesic(arrows). Image of the cumulus cells which present a greater spacing betwe
(arrows) arranged at the periphery. Observe the increase in perivitelline s
zona  pellucida; PS – perivitelline space; LD – presumptive lipid droplet; V
approximately 19 h after the LH surge (Hyttel et al., 1997).
Thus, it is possible to assume that some ultrastructural
changes during oocyte maturation are similar for these
species.
From the onset of IVM, as a result of meiosis resump-
tion, the nucleus morphology changes and the PS grows
preparing to receive the polar body. After 6 h of IVM,
the CC–oocyte junctions become loose. This leads one
to consider that although these cells are very impor-
tant in allowing the oocyte maturation to start (Shirazi
et al., 2007), they probably do not play an important
role in oocyte maturation during the rest of the IVM
period. Instead, the separation is probably caused by the CC
hyaluronic acid production, induced by the gonadotrophins
(Chen et al., 1990).
Fig. 3. Sheep oocytes after 12 h of IVM. (A) Oocyte cytoplasm with conglomerates o
of  presumptive lipid droplets at the periphery and the cortical granules aligned w
in  a manner which resembles a spider-web. LD – presumptive lipid droplet; ZP – (insert). (B) Oocyte cytoplasm containing groups of hooded mitochondria
d microvilli that project into the zona pellucida. CC – cumulus cells; ZP –
le.
The cortical granule characteristics described in this
study are related to other events occurring during oocyte
maturation, such as meiosis resumption (Hosoe and Shioya,
1997). This positioning of the cortical granules is a strate-
gic arrangement to allow the polyspermic blocking after
spermatozoon entrance (Conner et al., 2002).
In this study, pleomorphic mitochondria were observed
and most of them were hooded after a 6 h period of IVM.
This format is characterized by the projection of a small
appendix on the mitochondrion creating an arch or hood.
This hood increases the mitochondrial area and may  be
related to an increase in the mitochondrial metabolic activ-
ity during the migration of organelles that characterize
nuclear and cytoplasmic maturation. This type of mito-
chondrion is frequently found in oocytes of small and large
f mitochondria (arrows). (B) Oocyte cytoplasm showing the arrangement
ith the plasma membrane (arrow head). Note the mitochondria arranged
 zona pellucida.
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Fig. 4. Sheep oocytes after 18 h of IVM. Oocyte cytoplasm with mitochon-
dria arranged around small electron-lucent areas (arrows). Note the small
number of vesicles and the innermost position of the presumptive lipid
droplets. Arrow heads show cortical granules in close contact with the
plasma membrane. Also observe the elongation of the cumulus cells and
increased spacing between them (insert). CC – cumulus cells; ZP – zona
pellucida; LD – presumptive lipid droplet.
Fig. 5. Sheep oocytes after 24 h of IVM. Oocyte cytoplasm with pre-
sumptive lipid droplets concentrated at the periphery. Arrows indicate
mitochondria with no speciﬁc pattern of distribution. Also note cytoplas-
mic  shrinkage above ZP (large arrow). The insert shows elongated cumulus
cells with the space between them ﬁlled by secretion material, suggestive
of  hyaluronic acid. CC – cumulus cells; HA – hyaluronic acid; ZP – zona
pellucida.esearch 105 (2012) 210– 215
bovine antral follicles and, as seen in this work, is also
usually associated with lipid droplets (Senger and Saacke,
1970). This association suggests that lipids are being uti-
lized as an energy source for the mitochondria during
periods in which high energy is required, such as in the
early stages of maturation as the oocyte progresses to the
extrusion of the polar body. The electron-lucent areas visu-
alized after 18 h of IVM may  be attributed to empty spaces
left by the consumption of the presumptive lipid droplets
by the mitochondria. Therefore, it may  be suggested that
the mitochondria have a high metabolism, until 18 h of IVM.
Until this stage the oocyte would be going through major
changes involved in the process of maturation, using lipids
as the source of energy.
After 24 h of IVM, the ovine oocytes showed signs of
degeneration, such as ooplasm shrinkage and granulation,
and a disorganization in mitochondrial distribution. These
ﬁndings, and the morphologic changes following 18 h of
IVM, allow the hypothesis that 18 h was  enough for the
oocyte to complete maturation. They also suggest that the
degeneration signs may  be due to the excessive time in IVM
(24 h), which may  disrupt the oocyte structures, resulting
in errors of chromosome pairing and a decrease in fertil-
ization ability (Yu et al., 2011).
5. Conclusion
The present study is the ﬁrst to describe the ultrastruc-
tural events of cytoplasmic maturation during IVM in ovine
oocytes. The observation of cytoplasmic rearrangements of
organelles enabled the illustration of the changes that occur
during the in vitro maturation process of sheep oocytes –
serving as a basis for future studies.
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